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ABSTRACT

The purpose of the present research was to compare recall of serial lists of verbal
materials as a function of the method of learning in terms of free and serial recall. The
participants consisted of 166 undergraduate college students ranging in age from 18 - 35
years old. The participants were randomly assigned to conditions of free or serial recall
with the restriction that there were an equal number of male and female participants in
each condition. The dependent variable recall measured the number of correct responses
under each learning condition. The investigator read a list composed of 15 words at a rate
of about one word per second to the participants.

After the words were read, the

investigator allowed the participants 60 seconds for recall. The scores for each recall
condition were entered into an independent samples t test. The results of the present
research indicated that participants tested under the level of free recall had a higher
number of correct responses than, those who were tested under the level of serial recall.
With an alpha level set at .05, the independent samples t test results were highly
significant, ! (164) = -17.4,

Q

= .001. While, the mean number of correctly written

responses (with standard deviations in parentheses), for those who had free recall and
those who had serial recall was 7.05 (1.58) and 2.63 (1.69), in order. It was confirmed
that under specific conditions, those participants under free recall had a greater number of
correct responses, compared to participants under serial recall.
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CHAPTER I
BACKGROUND OF THE STUDY
INTRODUCTION
The major importance of the nature of memory lies within its role in learning.
Memory and learning are inseparable, in that learning cannot occur without the retention
and recall of the past experience.

Short-term memory, otherwise known as active

memory, consists of the varied impulses that crowd the mind in its everyday contact with
the environment.

Although a full understanding of all the aspects of something as

complex as memory may always escape them, scientists have made impressive strides
toward understanding how humans remember, why they forget and why they remember
some things better than others.
Free recall and serial recall are two methods of retrieving information from shortterm memory. Free recall is the process of retrieval in which the information may be
expressed in any order, while serial recall requires the information to be retrieved in the
same exact manner as it was presented. Under free recall conditions, those items that are
at the end of a list are recalled first, followed by the most frequently recalled words at the
beginning. During serial recall, those items at the beginning of the list are the most
frequently recalled followed by those at the end of the list.
The characteristics of recall have been used in a way to describe memory.
Henson (1998) found that in serial recall from short-term memory, repeated items are
recalled well when close together, but not when far apart. However, Bruder, Lattanzio,
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and Meltzer (1971) questioned that since recall reflects both storage and retrieval the
understanding of memory processes should be facilitated by specifying whether
experimental conditions influence the way items are stored or the way they are retrieved.
However, Waugh (1961) discovered that the differences between free and serial learning
were not the method of presentation but the method in which the participants must recall
the words.
The way in which memory works has always been highly investigated. In this
experiment, the group with the most number of correct responses, whether free or serial
recall will give insight into how conditions effect the retrieval process from short-term
memory.
The purpose of the present research was to compare recall of serial lists of verbal
materials as a function of the method of learning in terms of free and serial recall.
Therefore, the differences in comparisons of recall could possibly give a better
understanding of the nature of memory.
Statement of Problem

Previous research (Waugh, 1961) reported differences between free and serial
recall in the number of correct responses. Some studies (Dallet, 1963 ; Henson, 1998)
showed superiority in terms of correct responses during the free recall condition while
others showed a highly favorable response towards the serial recall condition. The
purpose of this study is to determine if free or serial recall effects the retrieval process
from short-term memory. Based on the foregoing discussion regarding the review of
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literature on vanous types of recall conditions m short-term memory, the following
hypothesis was formulated:
There will be significant difference between free and serial recall conditions.

CHAPTER II
REVIEW OF THE LITERATURE

Previous research has found differences between free and serial recall in the
number of correct responses.

Some studies showed superiority in terms of correct

responses during the free recall condition while others showed a highly favorable
response towards the serial recall condition. This section will examine literature
regarding any significant differences in the number of correct responses in determining
the most effective form of recall.
Although there have been several studies conducted regarding various aspects of
free and serial recall, there is limited literature which specifically addresses the effects of
recall conditions free or serial on information retrieval from short-term memory.
Free

As a pioneer in this specific type of research, Waugh (1961) tried to determine if
the difference between free and serial recall depended on the order in which the
participant saw the items on successive trials or if it depended on the order in which the
participant was required to recall them.

The dependent variable was recall. The

participants were nine college students, four women and five men. They were paid for
participating in this experiment.

The general experimental situation was that the

participants were exposed to a list of 48 monosyllables, compiled from previous research.
The researcher used a slide projector and a timing device to present the list.

After

exposure to the lists, the subjects were required to write down the words in the order they
were presented. The results were then compiled using an IBM 709 data processing
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machine. The value of chi square was calculated for five 2X2 contingency tables. These
tables consisted of the number of words on Trial j that were recalled for the first time and
that of Trial j+ 1, whether it was recalled again or forgotten on this particular trial. In all
cases, the values of chi square were statistically significant. It was concluded that the
differences between free and serial learning were not the method of presentation but the
method in which the participants must recall the words.
Dallett (1963) found that immediate recall strongly contrasted with the powerful
and the obvious effects of practice in standard paired-associate or serial anticipation
learning experiments. The author also attempted to explore the effects of free versus
ordered recall in learning-to learn (LTL), when learning materials had no elements in
common, through multiple presentations in Experiment one and multiple trials in
Experiment two. The dependent variable was recall. The participants were 126 students
from introductory psychology classes at the University of California, Los Angeles. It
was a class requirement and they were tested in groups that ranged in size from one to six
people, with the rotation of the groups assigned conditions. With the aid of a table of
random numbers, it was necessary to drop six participants in order to maintain a balance.
In the end, 120 participants remained in Experiment one.

In Experiment one, the

participants were required to recall 15 successive 10 item word lists by way of free or
ordered recall. The participants were also given many presentations of each list before
their only test of recall. In Experiment two, with a total number of 43 participants, the
participants were tested in groups of one to three people in size. Forty participants
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remained with 20 in the free recall group and 20 in the ordered recall group due to the
equation of groups. The participants in Experiment two were given five trials on each of
the 10 lists, in which a trial was made up of one presentation plus a test of recall. The
materials used in the both Experiments one and two, was the Thorndike-Lorge word
count [1944], where a 10 to 15 item list was constructed. The author used an apparatus,
which was a tape recorder where the 15 lists were recorded on. In order to remain
consistent in his results, the author kept the analyses of Experiment one parallel to
Experiment two.

To show significant results the author used analyses of variance

(ANOVA) of the linear and quadratic coefficients in Experiment one to show how free
and ordered differed in both the linear and quadratic components. The author also used a
t-test of the linear and quadratic scores for ordered groups, which indicated a
corresponded trend that ordered recall was highly significant.

The results of both

experiments suggested that learning to learn (LTL) can occur only if the participants were
tested more than one time or if ordered recall was required. Multiple recall tests rather
than multiple presentations favored ordered recall in the occurrence of learning to learn
(LTL).
Serial

Murdock (1962) determined how the serial position curve varied with the length
of the list and the rate of presentation while it continued to maintain a linear relationship.
At the end of the experiment however, it still was not clear on how that relationship came
about or even if the relationship was linear after all. The dependent variable in the
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investigation was recall. There were 103 participants, with an equal number of males and
females used in the experiment. They were fulfilling a course requirement for a general
psychology class. As an apparatus the author used an electric metronome set at a rate of
60 beats per minute. As for materials, there were 80 different lists. The lists were
constructed by selecting at random words from the 4,000 most common English words
from the Thorndike-Lorge word count [1944], with the exclusion of homonyms,
contractions, and archaic words. Each of the six groups had a different combination of
list length and presentation rate. In the six combinations the first number indicated list
length and the second number indicated presentation time. Group testing was used and
the lists were read to the participants either at every beat, at a rate of 1 second per item or
at every other beat, at a rate of 2 seconds per item. For each list there was a recall time
frame of 1 minute 30 seconds. The participants then wrote down as many words as they
could recall in any order.
The data were analyzed by using several analysis of variance designs. There was
a significant improvement over the four sessions for three of the six groups. The largest
difference however, was obtained between the best and the worst session for any one
group was 1.13 words, while all other differences were less than 1.0 words. The primacy
effect extended over the first four serial positions, starting from the beginning of the list,
all of the curves leveled out at about the third or fourth serial position. However, the
primacy effect was short-lived in that the curve was too difficult to describe in math
terminology. The recency effect was a consistent S shaped curve. Starting from the end
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of the list, the serial position curve started out positively decelerated and then soon
became negatively decelerated.
The data showed that the serial position curve of free recall was characterized by
primacy effect, an S shaped recency effect, and a horizontal asymptote that extended
between the primacy and recency effect. Also, the author suggested that the shape of the
curve might have resulted from proactive to retroactive limited effects that occurred
within the list itself.
Mandler and Dean (1969) determined that traditional methods of list presentation
overloaded the participants processing and memory abilities. So, given an input method
that would not strain the participants processes, the authors constructed lists of unrelated
words that would be efficient, where on each successive input trial, only one new word
would be added to a list of words. The authors also expected to find evidence on the
development of free or serial recall that were preferred by participants and to gain insight
in the serial organization of output as it was affected by input conditions.

Eighty

participants were used with 10 assigned to each of the eight experimental groups. All of
the 80 participants used were paid, volunteer, undergraduate students and there was an
equal number of male and female participants.
The first six groups were provided with a booklet and given five different lists of
16 words which were nouns from the Throndike-Lorge word count [1944] with a
frequency of AA. Each word in the given list had a different initial letter. The last two
groups used a single list of 50 words from the Throndike-Lorge word count [1944] with a
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frequency of two to AA. The lists were presented on a Stowe memory drum at a rate of 1
second per word. However, in condition 50x50 the material was presented on a slide
projector at a 1 second rate.
Participants were seated in front of a memory drum and were told that they would
be shown words in which they had to eventually recall in their given condition. Specific
instructions were given for each condition. The participants read the words aloud and
were given 1 minute to write all the words they could remember in an answer booklet.
Seventeen trials were given to the first six groups while a short rest was given so that, the
examiner was able to change the tape on the drum. The second list was presented with
new words and identical conditions as in List one.
The authors showed through an analysis of variance that there were expected
significant effects of conditions and of trials respectively.

The list effect was also

significant which indicated improved performance on List two.

Meaning the

development of organization proceeded better when there was little memory and
processing overload, similar to the adoption of a serial order that was superior under
those precise conditions. The authors confirmed that there was no consistent difference
in composed lists by the traditional and by addition method of list presentation. Also,
there was no constant-time relationship used by the participants in the serial list process.
The authors strongly concluded that seriation was the most popular method in organized
lists, where they found participants adopted if at all possible serial order.
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The purpose of Henson' s (1998) research was to unify the measurement and
interpretation of repetition inhibition and repetition facilitation in short-term memory. It
has been argued that detection of a repetition is necessary for repetition facilitation
whereas the failure to detect or remember a repetition results in repetition inhibition.
In Experiment one, 24 participants were randomly assigned to two grouping
conditions. There were ten women and two men in the ungrouped condition and eight
women and four men in the grouped condition. The consonants J, H, R, Q, V, and M
were used to generate 144 lists of six items. The control and repetition lists were
distributed equally over six blocks of 24 trials. Each consonant was presented in the
center of a computer monitor, replacing the previous one at a rate of two every second.
The sixth consonant was followed by a further sequence of three distractor digits
presented at the same rate. Participants were instructed to vocalize each consonant and
digit as it appeared, but to recall only the consonants. After the last digit was displayed,
the participant was cued visually for spoken recall, while the experimenter recorded the
response. After 10 practice trials, each participant attempted all six blocks, with the order
of the blocks counterbalanced across subjects. Significant repetition facilitation and
repetition inhibition were found under modified control scoring. Repetition facilitation
reflected superior positioning of repeated elements, whereas repetition inhibition
reflected inferior recall of repeated elements anywhere. These effects were found to be
group sensitive.

11

In Experiment two A, twelve participants were tested (ten women and two men).
The same set of consonants was used to generate 120 lists of six items. Control and
repetition lists were distributed equally over four blocks of 30 trials. The presentation was
the same as in Experiment one. Participants were given a response sheet with a row of six
boxes for each trial and were instructed to write any repeated consonants and to guess if
necessary. Each participant attempted all four blocks. They were ordered so that the two
ungrouped conditions were attempted before the two grouped conditions. The
participants did extremely well, the false alarm rate was less than 2% and over 90% of
the repetitions were reported.
In Experiment two B, twelve participants were tested (seven women and five
men). The materials used where the same as in Experiment two A. The lists were
presented in the same manner although; they repeated aloud any repeated consonants
before recalling all consonants in order. The number of distractor digits was reduced to
three. The participants were instructed not to guess. Participants detected 90% of
repetitions and had a false alarm rate of less than 1%. There was a high correlation
between detection and recall of repeated items.
In Experiment three, twelve participants were tested (three men and nine women).
120 lists were generated with an equal number of repetition lists and control lists. Only
three repetition formats were used. Control and repetition lists were distributed equally
over four blocks of 30 trials. Each participant attempted four conditions generated
factorially from two levels of grouping and two levels of retention interval.
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The procedure was different in that the participants were required to indicate three levels
of confidence for each response: confident, unsure, and guess. The responses replicated
those of Experiment one.
The results of this senes of experiments confirmed that repeated items have
effects on serial recall from short-term memory. Repetition facilitation and repetition
inhibition were shown to interact in a complex manner. Due to the complexity of these
interactions, no definite theory or interpretation has been proven for item repetition
effects in short-term memory.
As previous research has shown, there have been many varied results as to how
memory works in terms of free and serial recall (Dallet, 1963; Henson, 1998; Mandler &
Dean, 1969; Murdock, 1962; Waugh, 1961). Free recall remained superior in many
instances as compared to serial recall. However, serial recall was not far behind. Is it
possible that free recall will remain superior over serial recall or perhaps will serial recall
gain overall superiority? Based of the foregoing discussion, the purpose of this research
is to examine any significant differences in the number of correct responses in
determining the most effective form of recall.

CHAPTERIII

METHODOLOGY
Participants

The participants consisted of 166 undergraduate college students ranging in age from
18 to 35 years old. The participants were randomly assigned to conditions with the
restriction that there were an equal number of male and female participants in each
condition.

The participants were randomly assigned either free or serial recall by

drawing from a container of 83 blue pieces of paper and 83 red pieces of paper. Those
who randomly drew the blue pieces of paper were assigned to free recall and those who
randomly drew the red pieces of paper were assigned to serial recall.
Materials

The participants were read a list of words that were composed of 15 words from the
Throndike-Lorge Word Count [1944] (See Appendix A). The 15 words that were used for
the retention task occurred between 900 and 1100 times per 4.5 million words in the
English language. Only words closely to equal length were selected with no two words
starting with the exact letter. The participants received a pen and either a free or serial
data collection sheet that was used to determine the amount of recall from the ThrondikeLorge Word Count [1944] (See Appendices B & C).

Prior to any research each

participant signed a consent form (See Appendix D).
Experimental Setting

The experiment was conducted in the psychology building, Augustus Blanks Hall, on
the second floor in room 204 B. The classroom that the experiment was conducted in
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a windowless, air-conditioned at about 70 degrees, and well lit. Its area was 16 feet by 7
feet.
Research Design

In this research design the data were analyzed by an independent samples t-test
where the independent variable was the method of learning.

The levels of the

independent variable were free and serial recall. The dependent variable was the number
of correct responses recalled by the participants.
Procedure

Eighty-three participants were tested under the level of free recall. The investigator
used the data collection sheet for free recall. The instructions were as follows: This
memory test will be simple. I am going to read you a list of 15 words at a rate of about
one word per second. Please listen closely since I cannot repeat any word. After you
have heard the list I will give you, a sheet of lined paper on which I want you to write as
many of the words as you can recall in any type of order. Start at the top line and do not
skip any lines. Eighty-three participants were tested under the level of serial recall. The
investigator used the data collection sheet for serial recall.

The instructions were as

follows: This memory test will be simple. I am going to read you a list of 15 words
at a rate of about one word per second. Please listen closely since I cannot repeat any
word. After you have heard the list I will give you, a sheet of lined paper on which I want
you to write as many of the words as you can recall in exactly the same order in which
they were read to you. Start at the top line and do not skip any lines.
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After the investigator gave the appropriate instructions, the investigator read the list to
the participants.
subjects.

The same serial order of presentation of the list was used for all

Following verbal presentation of the words, the investigator gave each

participant the data collection sheet, which corresponded to the experimental condition.
The investigator allowed the participants 60 seconds for recall.
After all participants completed the research, the investigator determined the
frequency of correct responses for each participant. For the free recall condition, the
investigator simply determined the number of correctly recalled words. For the serial
recall condition, scoring was somewhat more complicated. The criterion for serial recall
was to count as correct only those words recalled that were written in exactly the same
ordinal position as they were read.

CHAPTER IV
RESULTS

The purpose of the present research was to compare recall of serial lists of verbal
materials as a function of the method of learning in terms of free and serial recall. The
independent variable was the method of learning. The levels of the independent variable
were serial and free recall. The dependent variable recall was operationally defined as
the number of correct responses under each learning condition.

The formulated

experimental hypothesis stated that there would be significant differences between free
recall and serial recall conditions.
The hypothesis-testing statistic used to analyze differences in recall performance
between the two conditions, free and serial recall was an independent samples t-test.
With the alpha level was set at .05, the independent samples t test results were significant,
1 (164) = -17.4,

Q

= .001 (See Table 1). While the mean number of correctly written

responses (with standard deviations in parentheses), for those who had free recall and
those who had serial recall was 7.05 (1.58) and 2.63 (1.69), respectively (See Table 2).
Ultimately, the free recall condition remained superior compared to the serial recall
condition, in that the participants under the free recall condition recalled more words
correctly than those in the serial recall condition.
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Table 1

Independent Samples Test

!

Levene's Test for
Equality of Variances

F
Kt-

il

I

1:.quaIvanances
assumed
Equal variances
not assumed

.232

Sig.
.631

t-test for Equality of Means

t

df

Mean
Sig . (2-tailed) Difference

Std . Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

-17.445

164

.000

-4.42

.25

-4 .92

-3 .92

-17.445

163.251

.000

-4.42

.25

-4 .92

-3.92
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Table 2

Group Statistics

LEVELS
sena
free

N

Mean

83

7.05

Std. Deviation

Std . Error
Mean

1.58

.17

N

Represents number of participants in each level

Mean

A measure of central tendency calculated by adding all
the scores in a data set and dividing by the number of
scores.

Variance

The average of the sum of the squared difference
between each score and the mean.

Standard Deviation

The square root of the variance.

CHAPTERV
DISCUSSION AND CONCLUSION

The results of the present research confirmed that participants tested under the
condition of free recall had a higher number of correct responses than those who were
tested under the condition of serial recall. The findings remained consistent with past
research (Henson, 1998) which confirmed that under specific conditions participants
under free recall had a greater number of correct responses than participants under serial
recall. It is suggested that free recall participants presumably recalled the strongest items
first, while ordered recall participants attempted to recall items in order which began with
initial items. This occurred as a result from the relative strengths of items in different
serial positions and also from the order in which the participant attempted to recall the
items. The present research supports Murdock's (1962) position that free recall was
preferred to ordered recall. By the use of combinations of list length and presentation
rate, free recall was so evidently preferred that it is suggested that it was the most basic
method of recalling a list of unrelated words. In contrast to the present investigation,
Dallett (1963) found that participants who were tested under the level of ordered recall
were slightly better than participants who were tested under the level of free recall. A
similar difference was found by Earhard (1971), who indicated that poor subjective
organizers contributed heavily to the final superiority of serial-recall performance.
Earhard provided some evidence to the effect that the problems for free recall learners
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may have been the processes of integrating new materials into their developing sequential
structure. Given the results of the data, there seemed to be something inherited in the
process of things remembered in the same order, which resulted in better recall. Contrary
to the present investigation, Mandler and Dean (1969) suggested that seriation was the
preferred method of organizing lists, in which serial order was adopted by participants
whenever possible.

However, as expected Bruder, Lattanzio, and Meltzer (1971)

provided that the free recall condition produced more recall of items from the end of the
list than the other two conditions, serial and free or serial recall. Poor recall of end items
in serial and free or serial conditions could have been explained by interference that
occurred during recall of earlier items. Based on the results of the present study, free
recall remained consistent in that there was a higher number of correct recall responses
overall, versus serial recall.
Suggestions for Future Research

For future research, there needs to be a change in the research protocol. That is,
as the words were called out many of the participants wrote down words that were not
even read from the list. The participants had misinterpreted exactly what words were
being called out. It is suggested that the list of 15 words should be projected on a screen
at a rate of about one word per second rather than called out by the experimenter at a rate
of about one word per second. Therefore, the participant's chances of obtaining a high
number of correct responses could be enhanced.
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This research has shown that many individuals recall information more easily in a
non-ordered format than an ordered format. There is a need to change the fashion in
which students learn. Teaching programs should be implemented to help students learn in
a non-ordered format rather than an ordered format, which has been the traditional
method of learning.
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Appendix A
Word List

HAT

YEAR
FOOD
JOB

ARM

WAR
DAY
BIRD

KNEE
USE
MAN
TIME

ROSE
PASS
NOTE

APPENDIXB

Free Recall Data Collection Sheet
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Appendix B
Free Recall Data Collection Sheet
DIRECTIONS: Recall as many words as you can in any order.

APPENDIXC
Serial Recall Data Collection Sheet
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APPENDIXC
Serial Recall Data Collection Sheet

DIRECTIONS : Recall as many words in the exact same order in which they were read to
you.

